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ROLLING APPARATUS AND ROLLING METHOD 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2003-060008 filed on 
5 March 6, 2003, including the specification, drawings and abstract, is incorporated herein 
by reference in its entirety. 

BA CKGRO U ND OF THE INVENTI O N 
1 . Field of the Invention 

10 [0002] The invention relates to a ring of an endless metallic belt which is formed by 

annularly arranging multiple plate-shaped elements that face each other, and passing the 
ring that is a metallic band through the elements so as to annularly join the elements. 
More particularly, the invention relates to a rolling apparatus and a rolling method which 
rolls this ring. 

15 2. Description of the Related Art 

[0003] In a vehicle, an automatic transmission is installed, which adjusts a speed ratio 
according to a running state of the vehicle. Examples of such an automatic transmission 
includes a continuously variable transmission (hereinafter, referred to as "CVT") which 
continuously adjusts the speed ratio. 

20 [0004] The CVT can efficiently trzmsmit an engine output, and contributes to 

improving fuel efficiency and running performance. In one of CVTs that are put into 
practical use, a metallic belt and a pair of pulley are used, and an effective radius of each 
pulley is changed by a hydraulic pressure such that the speed ratio is continuously changed. 
In this CVT, an endless metallic belt is wounded on an input side pulley fitted to an input 

25 shaft and an output side pulley fitted to an output shaft. Each of the input side pulley and 
the output side pulley includes a pair of sheaves in which a groove width can be 
continuously changed. By changing the groove width of each of the input side pulley and 
the output side pulley, a belt-winding radius with respect to each of the input side pulley 
and the output side pulley is changed. Thus, a ratio between the rotational speed of the 

30 input shaft and the rotational speed of the output shaft, that is, the speed ratio can be 
continuously changed. 

[0005] When forming the endless metallic belt, plural types of elements having 
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different thicknesses are prepared, and the plural types of elements at a predetermined ratio 
of quantity are randomly combined. The endless metallic belt is formed by passing the 
metallic band through the combined elements. The elements and the ring as the metallic 
band of the endless metallic belt need to be produced with high dimensional accuracy. 
5 [0006] When producing the ring used for the endless metallic belt, both ends of a thin 
plate of super-strong steel such as maraging steel are bonded by welding such that a 
cylindrical-shaped dmm is formed. Then, the drum is cut at a predetermined width, 
whereby a metallic ring made of the thin plate is obtained. Then, after the ring is 
subjected to barrel polishing in order to remove burrs and edges which are generated due to 

10 cutting, the ring is rolled so that the ring has a desired thickness. 

[0007] Toyota Technical Report No. 12000 (published on February 28, 2001) discloses 
a rolling apparatus which rolls a ring using a pair of rollers. The rolling apparatus 
performs rolling while changing an interval between the rollers by controlling the positions 
of the rollers, and calculates the thickness of the ring before rolling based on a speed at 

15 which the ring is deformed (stretched) in a peripheral direction at the time of rough rolling, 
and controls the interval between the rollers or a rolling load according to the calculated 
thickness of the ring before rolling at the time of finishing rolling. 

[0008] In this rolling apparatus, the condition for finishing rolling is corrected 
according to the thickness of the ring which is estimated based on the speed at which the 

20 peripheral length of the work piece is stretched at the time of rough rolling, since it takes 
extremely much time to directly measure the thickness of the ring in microns. When 
performing rough rolling in which a rolling reduction rate is high, the speed at which the 
ring is deformed is high, and the speed at which the thickness of the ring is reduced is high. 
The speed at which the thickness of the ring is reduced is proportional to deformation 

25 (stretch) of the ring in the peripheral direction. When the thickness of the ring is slightly 
changed, the speed at which the ring is deformed in the peripheral direction is gready 
changed. Therefore, the speed at which the ring is deformed in the peripheral direction is 
calculated using a controller based on a detection signal from a tension position detecting 
sensor, and the condition for finishing rolling is corrected according to the thickness of the 

30 ring before rolling which is estimated based on the calculated speed at which the ring is 
deformed in the peripheral direction. 

[0009] In the aforementioned rolling apparatus for a ring, only the condition for 
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finishing rolling is corrected based on the speed at which the ring is deformed in the 
peripheral direction at the time of rough rolling. Since 70 % to 80 % of the shape of the 
ring is decided at the time of rough rolling, desired dimensional accuracy may not be 
obtained only by correcting the condition for finishing rolling. For example, the 
5 temperature of the ring before rough rolling may be deviated from a reference temperature 
(i.e., a reference temperature which is used when the condition for rough rolling and the 
condition for finishing rolling are decided) due to an increase in the temperature around the 
rolling apparatus, a high temperature of the ring which is wound on the rolling apparatus, 
or the like. In such a case, since the condition for rough rolling is greatly changed due to 
10 a change in the temperature of the ring, desired dimensional accuracy cannot be obtained 
by using the aforementioned rolling apparatus, and correcting the condition for finishing 
rolling according to the thickness of the ring before rolling which is estimated based on the 
speed at which the ring is deformed in the peripheral direction at the time of rough rolling. 



15 SUMMARY OF THE TNVENTTON 

[0010] It is an object of the invention to provide a rolling apparatus and a rolling 
method which can achieve high dimensional accuracy in rolling processing of a ring used 
for a continuously variable transmission even when the temperature of the ring changes. 
[0011] A first aspect of the invention relates to a rolling apparatus which performs 

20 rolling processing of a ring in an endless metallic belt formed by annularly arranging 
multiple elements in a plate thickness direction, and passing the ring through each of 
saddle portions of the elements. The rolling apparatus includes a pair of rollers which 
hold the ring with the ring being sandwiched therebetween, and which roll the ring, and a 
roller which applies tension to the ring. The rolling apparatus further includes a 

25 measuring device that measures a temperature of the ring before rolling; a storing device 
that stores, in advance, a relation between the temperature of the ring and a condition for 
rolling; and a controller that changes the condition for rolling based on the measured 
temperature of the ring and the relation. 

[0012] According to the first aspect of the invention, the controller changes the 

30 condition for rolling based on the temperature of the ring before rolling, which is measured 
by the measuring device, and the relation between the temperature of the ring and the 
condition for rolling, which is stored in advance. As the temperature of the ring before 
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rolling increases (particularly when a difference between the temperature of the ring before 
rolling and the reference temperature is 20 °C or larger), deformation resistance of the ring 
decreases, and therefore the condition for rolling for obtaining the ring having a desired 
thickness (the rolling force for rough rolling (hereinafter, referred to as ''rough rolling 
5 force"), the rolling tension for rough rolling (hereinafter, referred to as "rough rolling 
tension"), and the rolling force for finishing rolling (hereinafter, referred to as "finishing 
rolling force"), and the rolling tension for finishing rolling (hereinafter, referred to as 
"finishing rolling tension")) changes. Accordingly, the condition for rolling (the rough 
rolling force, the rough rolling tension, and the finishing rolling force, and the finishing 

10 rolling tension) is changed according to a value by which the temperature of the ring is 

higher than the reference temperature. Thus, even when the deformation resistance of the 
ring changes due to a change in the temperature of the ring, the dimensional accuracy of 
the finishing thickness of the ring as a product is improved since an amount of change in 
the thickness of the ring immediately before completion of rolling (inunediately before 

15 completion of finishing rolling) is in a fixed range. Particularly, when a difference 

between the actual temperature of the ring before rolling and the reference temperature is 
approximately ± 5 °C, good dimensional accuracy can be obtained by correcting the 
condition for finishing rolling based on a change in the dimension of the ring at the time of 
rough rolling. However, when the temperature difference is 20 ®C or larger, the amount 

20 of change in the thickness of the ring immediately before completion of rolling 

(immediately before completion of finishing rolling) is not in a fixed range even if the 
condition for finishing rolling is corrected in the aforementioned manner. According to 
the first aspect of the invention, since the condition for rolling (rough rolling and finishing 
rolling) is corrected according to the temperature of the ring, the amount of change in the 

25 thickness of the ring inmiediately before completion of rolling (immediately before 

completion of finishing rolling) is in the fixed range. As a result, it is possible to provide 
the rolling apparatus which can achieve high dimensional accuracy in rolling processing of 
a ring used for a continuously variable transmission even when the temperature of the ring 
changes. 

30 [0013] In a rolling apparatus according to a second aspect of the invention, in addition 
to the configuration according to the first aspect, the storing device stores, in advance, a 
relation between the temperature of the ring and a temperature correction coefficient for 
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changing the condition for rolling, and the controller calculates the temperature correction 
coefficient based on the relation between the measured temperature of the ring and the 
temperature correction coefficient, and changes the condition for rolling based on the 
calculated temperature correction coefficient. 
5 [0014] In the rolling apparatus according to the second aspect of the invention, the 

condition for rolling (the rough rolling force, the rough rolling tension, the finishing rolling 
force, and the finishing rolling tension) can be corrected based on the temperature 
correction coefficient. Therefore, it is not necessary to store, for example, the condition 
for rolling for each temperature of the ring. 

10 [0015] In a rolling apparatus according to a third aspect of the invention, the 

measuring device measures, as the temperature of the ring, a temperature of one roller of 
the pair of rollers which roll the ring, the roller which applies tension to the ring, and a 
roller which contacts at least one of the rollers. 

[0016] In the rolling apparatus according to the third aspect of the invention, the 

15 temperature of one of the rollers can be measured as the temperature of the ring since the 
ring and all the rollers are made of metal and therefore the thermal conductivity thereof is 
high, the difference between the temperature of the ring and the reference temperature is 
proportional to the difference between the temperature of one of the rollers and the 
reference temperature, and the temperature of the ring can be represented by the 

20 temperature of one of the rollers, although it is difficult to directly measure the temperature 
of the ring whose thickness is small. 

[0017] In a rolling apparatus according to a fourth aspect of the invention, in addition 
to the configuration according to the first aspect or the second aspect of the invention, the 
measuring device measures, as the temperature of the ring, a temperature of a bearing for 

25 one roller of the pair of rollers which roll the ring, the roller which applies tension to the 
ring, and a roller which contacts at least one of the rollers. 

[0018] In the rolling apparatus according to the fourth aspect of the invention, the 
temperature of the bearing for one of the rollers can be measured as the temperature of the 
ring since the ring, the rollers, and the bearings for the rollers are all made of metal and 

30 therefore the thermal conductivity thereof is high, the difference between the temperature 
of the ring and the reference temperature is proportional to the difference between the 
temperature of the bearing for one of the rollers and the reference temperature, and the 
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temperature of the ring can be represented by the temperature of the bearing for one of the 
rollers. 

[0019] In a rolling apparatus according to a fifth aspect of the invention, in addition to 
the configuration according to any one of the first to the fourth aspect of the invention, the 
5 condition for rolling includes a condition for rolling in a rough rolling step. 

[0020] In the rolling apparatus according to the fifth aspect of the invention, since 
rolling force and rolling tension are corrected in the rough rolling step where 70 % to 80 % 
of the shape of the ring is decided, desired dimensional accuracy can be obtained more 
easily than when the condition for rolling is corrected in a finishing rolling step. 
10 [0021] In a rolling apparatus according to a sixth aspect of the invention, in addition to 

the configuration according to any one of the first to the fourth aspect of the invention, the 
condition for rolling includes a condition for rolling in a rough rolling step and a condition 
for rolling in a finishing rolling step. 

[0022] In the rolling apparatus according to the sixth aspect of the invention, since 
15 rolling force and rolling tension are corrected in the finishing rolling step in addition to 

correction of rolling force and rolling tension in the rough rolling step where 70 % to 80 % 
of the shape of the ring is decided, desired dimensional accuracy can be obtained more 
easily than when only the condition for rough rolling or only the condition for finishing 
rolling is corrected. 

20 [0023] A seventh aspect of the invention relates to a rolling method in which rolling 

processing of a ring in an endless metallic belt is performed, the endless metallic belt being 
formed by annularly arranging multiple elements in a plate thickness direction, and passing 
the ring through each of saddle portions of the elements. The rolling method includes a 
step of winding a ring on one of a pair of rollers which hold the ring with the ring being 

25 sandwiched therebetween, and which roll the ring, and a roller which applies tension to the 
ring; a measuring step of measuring a temperature of the ring before rolling; and a 
changing step of changing a condition for rolling based on the measured temperature of the 
ring and a relation between the temperature of the ring and the condition for rolling, the 
relation being prepared in advance. 

30 [0024] In the rolling method according to the seventh aspect of the invention, in the 
changing step, the condition for rolling is changed based on the temperature of the ring 
before rolling, which is measured in the measuring step, and the relation between the 
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temperature of the ring and the condition for rolling, which is prepared in advance. As 
the temperature of the ring before rolling increases, deformation resistance of the ring 
decreases, and therefore the condition for rolling for obtaining the ring having a desired 
thickness changes. Accordingly, the condition for rolling is changed according to a value 
5 by which the temperature of the ring is higher than the reference temperature. Thus, even 
when the deformation resistance of the ring changes due to a change in the temperature of 
the ring, the dimensional accuracy of the finishing thickness of the ring as a product is 
improved since an amount of change in the thickness of the ring immediately before 
completion of rolling (immediately before completion of finishing rolling) is in a fixed 

10 range. As a result, it is possible to provide the rolling method which can achieve high 

dimensional accuracy in the rolling processing of the ring used for a continuously variable 
transmission even when the temperature of the ring changes. 

[0025] In a rolling method according to an eighth aspect of the invention, in addition 
to the seventh aspect of the invention, the relation is a relation between the temperature of 

15 the ring and a temperature correction coefficient for changing the condition for rolling; and 
in the changing step, the temperature correction coefficient is calculated based on the 
measured temperature of the ring and the relation, and the condition for rolling is changed 
based on the calculated temperature correction coefficient. 

[0026] In the rolling method according to the eighth aspect of the invention, the 

20 condition for rolling (the rough rolling force, the rough rolling tension, the finishing rolling 
force, and the finishing rolling tension) can be corrected based on the temperature 
correction coefficient. Therefore, it is not necessary to store, for example, the condition 
for rolling for each temperature of the ring. 

[0027] In a rolling method according to a ninth aspect of the invention, in addition to 

25 the configuration according to the seventh aspect or the eighth aspect of the invention, in 
the measuring step, a temperature of one roller of the pair of rollers which roll the ring, the 
roller which applies tension to the ring, and a roller which contacts at least one of the 
rollers is measured as the temperature of the ring. 

[0028] In the rolling method according to the ninth aspect of the invention, the 

30 temperature of one of the rollers can be measured as the temperature of the ring since the 
ring and all the rollers are made of metal and therefore the thermal conductivity thereof is 
high, the difference between the temperature of the ring and the reference temperature is 
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proportional to the difference between the temperature of one of the rollers and the 
reference temperature, and the temperature of the ring can be represented by the 
temperature of one of the rollers, although it is difficult to directly measure the temperature 
of the ring whose thickness is small. 
5 [0029] In a rolling method according to a tenth aspect of the invention, in addition to 
the configuration according to the seventh or the eighth aspect of the invention, in the 
measuring step, a temperature of a bearing for one roller of the pair of rollers which roll the 
ring, the roller which applies tension to the ring, and a roller which contacts at least one of 
the rollers is measured as the temperature of the ring. 

10 [0030] In the rolling apparatus according to the tenth aspect of the invention, the 

temperature of the bearing for one of the rollers can be measured as the temperature of the 
ring since the ring, the rollers, and the bearings for the rollers are all made of metal and 
therefore the thermal conductivity thereof is high, the difference between the temperature 
of the ring and the reference temperature is proportional to the difference between the 

15 temperature of the bearing for one of the rollers and the reference temperature, and the 

temperature of the ring can be represented by the temperature of the bearing for one of the 
rollers. 

[0031] In a rolling method according to an eleventh aspect of the invention, in 
addition to any one of the seventh to the tenth aspect of the invention, the condition for 

20 rolling includes a condition for rolling in a rough rolling step. . 

[0032] In the rolling method according to the eleventh aspect of the invention, since 
rolling force and rolling tension are corrected in the rough rolling step where 70 % to 80 % 
of the shape of the ring is decided, desired dimensional accuracy can be obtained more 
easily than when the condition for rolling is corrected in a finishing rolling step. 

25 [0033] In a rolling method according to a twelfth aspect of the invention, in addition to 

any one of the seventh to the tenth aspect of the invention, the condition for rolling 
includes a condition for rolling in a rough rolling step and a condition for rolling in a 
finishing rolling step. 

[0034] In the rolling method according to the twelfth aspect of the invention, since 

30 rolling force and rolling tension are corrected in the finishing rolling step in addition to 

correction of rolling force and rolling tension in the rough rolling step where 70 % to 80 % 
of the shape of the ring is decided, desired dimensional accuracy can be obtained more 
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easily than when only the condition for rough rolling or only the condition for finishing 
rolling is corrected. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0035] The foregoing and further objects, features and advantages of the invention will 
become apparent from the following description of preferred embodiments with reference 
to the accompanying drawings, wherein like numerals are used to represent like elements 
and wherein: 

[0036] FIG. 1 is a sectional view showing a continuously variable transmission using 
10 an endless metallic belt including a ring which is subjected to rolling processing by a 
rolling apparatus according to an embodiment of the invention; 

[0037] FIG. 2 is a partial perspective view describing the endless metallic belt; 

[0038] FIG. 3 is a perspective view showing an entire configuration of the endless 
metallic belt; 

15 [0039] FIG. 4 is a front view of an element; 

[0040] FIG. 5 is a side view of the element; 
[0041] FIG. 6 is a top view of a rolling apparatus; 

[0042] FIG. 7 is a graph showing a relation between a roller temperature and a 
temperature correction coefficient K, which is stored in a storing portion of a controller 
20 shown in FIG. 6; 

[0043] FIG, 8 is a flowchart showing a control structure of a program which is 
executed by the controller shown in FIG. 6; and 

[0044] FIG. 9 is a graph showing a result of rolling processing by the rolling apparatus 
according to the embodiment of the invention. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0045] Hereinafter, an embodiment of the invention will be described with reference 
to the accompanying drawings. In the following description, like components are denoted 
by like reference numerals. Names and functions thereof are the same. Therefore, 
30 detailed description thereof will not be repeated. 

[0046] A rolling apparatus according to the embodiment of the invention rolls a ring 
constituting an endless metallic belt through a rough rolling step and a finishing rolling 
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step so that the ring has a desired thickness. Thus, first, the endless metallic belt and a 
CVT using the endless metallic belt will be described. The endless metallic belt is 
formed by annularly arranging multiple elements that face each other in a plate thickness 
direction, and passing a ring through each of right and left saddle portions of the elements 
5 so as to annularly join the elements. 

[0047] Referring to FIG. 1, a CVT 100 using an endless metallic belt will be described. 
The endless metallic belt is formed using the ring which is subjected to rolling processing 
by the rolling apparatus according to the embodiment of the invention. In the CVT 100, 
an endless metallic belt 106 is wound on an input side pulley 220 fitted to an input shaft 

10 200 and an output side pulley 320 fitted to an output shaft 300. 

[0048] Each of the input side pulley 220 and the output side pulley 320 includes a pair 
of sheaves 108 in which a groove width can be continuously changed. The groove width 
of each of the input side pulley 220 and the output side pulley 320 is changed using a 
hydraulic pressure circuit that is controlled according to a running state of a vehicle, 

15 whereby each of the belt- winding radii of the endless metallic belt 106 with respect to the 
input side pulley 220 and the output side pulley 320 is changed. Thus, the ratio between 
the rotational speed of the input shaft 200 and the rotational speed of the output shaft 300, 
that is the speed ratio can be continuously changed. 

[0049] Referring to FIG. 2, the endless metallic belt 106 will be described. The 

20 endless metallic belt 106 is formed by annularly arranging multiple elements 102 that face 
each other in a plate thickness direction, and passing a ring 104 as a metallic band through 
each of right and left saddle portions of the elements so as to join the elements 102, as 
shown in FIG. 3. 

[0050] An example of a shape of the element 102 is shown in FIG. 4 and FIG. 5. 

25 Both side surfaces of the element 102 in the width direction are referred to as sheave- 
contacting fiiction surfaces 112. The sheave-contacting friction surfaces 112 are tapered 
surfaces, and contact and match tapered sheave surfaces 110 of the sheaves 108. As 
shown in FIG. 4, a neck portion 116 extending upward is provided in a center portion in 
the width direction of a base body portion 114 including the sheave-contacting ftiction 

30 surfaces 112. The neck portion 116 is continuous to a top portion 118 extending in a 
lateral direction. Slits are formed between the top portion 118 extending in the lateral 
direction and the base body portion 114. Each ring 104 is passed through each of the two 
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slits on the right and left sides. A surface of the base body portion 114 which each ring 
104 contacts is referred to as a saddle surface 120. 

[0051] The height of the saddle surfaces 120 is expressed as a dimension from a pitch 
line P which trans verses the base body portion 114. The width of the element 102 is 
5 expressed as a dimension on the pitch line P. A convex portion 122 is formed on one of 
both sxufaces of the element 102 at a position above the neck portion 116. Also, a dimple 
123 is formed on the other of both surfaces of the element 102 at the position above the 
neck portion 116. Thus, the convex portion 122 and the dimple 123 of the elements 102 
which are adjacent to each other are fitted to each other. The surface of the element 102 
10 including the convex portion 122 is regarded as a front surface of the element 102. The 
surface of the element 102 including the dimple 123 is regarded as a rear surface of the 
element 102. 

[0052] As shown in FIG. 4, each saddle surface 120 has a curved convex shape. 
Each ring 104 contacts each saddle surface 120 along the curved shape. 

15 [0053] The endless metallic belt 106 is sandwiched between the pair of sheaves 108. 
Since the sheave surfaces 110 and the sheave-contacting friction surfaces 112 are tapered 
surfaces, a load is applied to each element 102 toward the outside in the radial direction 
due to pressing force of the sheaves 108. However, since the elements 102 are joined by 
the ring 104, movement of the elements 102 toward the outside in the radial direction is 

20 restricted by tension of the ring 104. As a result, frictional force is generated, or shearing 
force of an oil is generated between the sheave surfaces 110 and the sheave-contacting 
friction surfaces 112. Thus, torque is transmitted between the sheaves 108 and the 
endless metallic belt 106. 

[0054] More particularly, the ring 104 includes 9 to 12 rings which are laminated, and 

25 joins the elements 102, as shown in FIG. 2 and FIG. 4 (however, it is shown that the ring 
104 includes 3 rings in FIG. 2 and FIG. 4, instead of 9 to 12 rings). In this case, as the 
ring 104 is arranged as a lower layer, the peripheral length thereof is shorter. As the ring 
104 is arranged as a higher layer, the peripheral length thereof is longer. A cross hatch for 
retaining lubricant of the automatic transmission is provided in an inner peripheral portion 

30 of the ring 104 (in a lower portion in the figure). The cross hatch is formed by 
transferring, to the ring 104, a cross hatch groove provided on a rolling roller. 

[0055] The rolling apparatus according to the embodiment of the invention rolls the 
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ring 104 so that the ring 104 has a desired thickness. 

[0056] Referring to FIG. 6, the rolling apparatus according to the embodiment of the 
invention will be described. FIG. 6 is a top view showing the roiling apparatus. The 
rolling apparatus includes a rolling portion including a pair of rolling rollers (a small 
5 rolling roller 3500 and a large rolling roller 3600); a tension portion including a tension 

roller 4300, and a controller 1000 which controls the rolling portion and the tension portion. 
A cross hatch groove for forming a cross hatch in the inner peripheral portion of the ring 
104 is provided in the small rolling roller 3500. 

[0057] The ring 104 is wound on the tension roller 4300 and the small rolling roller 

10 3500, which is one of the pair of rolling rollers consisting of the small rolling roller 3500 
and the large rolling roller 3600. The ring 104 is rolled by the small rolling roller 3500 
and the large rolling roller 3600 which are controlled by the controller 1000. The 
thickness of the ring 104 after rolling varies depending on an interval between the small 
rolling roller 3500 and the large rolling roller 3600 (hereinafter, referred to as "roller 

15 interval"), and a load applied by the small rolling roller 3500 and the large rolling roller 
3600 during rolling (hereinafter, referred to as "rolling load"). 

[0058] The ring 104 before rolling generally has a small thickness, that is, a thickness 
of 1 mm or smaller. However, the thickness of the ring 104 varies due to rolling by a 
material manufacturer. Alternatively, the thickness of the ring 104 varies in a preparation 

20 step (for example, due to unevenness in the thickness, which is generated when both ends 
of a thin plate are bonded, or due to barrel polishing). 

[0059] The large rolling roller 3600, which is one of the pair of rolling rollers 
consisting of the small rolling roller 3500 and the large rolling roller 3600, is pressed by a 
pair of a backup roller 3620 and a backup roller 3630 which are provided on a fixed base. 

25 Thus, the large rolling roller 3600 is held at a predetermined position so as to be rotatable. 
The small rolling roller 3500 is pressed by a pair of a backup roller 3300 and a backup 
roller 3400 which are provided on a movable base 3250. The backup roller 3400 and the 
backup roller 3400 are pressed by a large backup roller 3200. The small rolling roller 
3500 is rotated in association with rotation of the backup roller 3300 and the backup roller 

30 3400, and can be displaced in a predetermined range due to relative movement of the 
movable base 3250 with respect to the fixed base 3650 along an arrow in a horizontal 
direction shown in FIG. 6. The movable base 3250 is relatively moved with respect to the 
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fixed base 3650 using a rolling load motor 3000 (an actuator using air pressure may be 
used instead of the rolling load motor 3000). 

[0060] A roller feed amount detector 3 150 and a rolling side load cell 3 100 are 
provided on the movable base 3250. The roller feed amount detector 3150 detects an 
5 amount of feed of the small rolling roller 3500 due to the relative movement of the 

movable base 3250 with respect to the fixed base 3650, that is, an amount of displacement 
of the small rolling roller 3500 with respect to the large rolling roller 3600, and detects the 
roller interval. The rolling side load cell 3100 measures the rolling load. 

[0061] A tension roller 4300 is supported on a movable roller base 4350 so as to be 
10 rotatable around a tension axis. The tension roller 4300 applies predetermined tension to 
the ring 104 using a tension load motor 4000 (an actuator using air pressure may be used 
instead of the tension load motor 4000), and using pulling force applied to the movable 
roller base 4350 along an upward arrow in FIG. 6, while the ring 104 is wound on the 
tension roller 4300. 

15 [0062] A tension position detector (a peripheral length detector) 4100, a tension side 
load cell 4200, and an eddy current thickness sensor 4360 are provided on the movable 
roller base 4350. The tension position detector 4100 detects a position of the movable 
roller base 4350 along an upward arrow in FIG. 6, that is, a position of the tension axis 
along the upward arrow in FIG. 6. Based on the detected position of the movable roller 

20 base 4350, the length of the ring 104 in the peripheral direction, that is, deformation (an 
amount of stretch) of the ring 104 in the peripheral direction, and the speed at which the 
ring 104 is deformed (the speed at which the ring 104 is stretched) are detected. 

[0063] The controller 1000 performs various computations based on various detection 
signals from the tension position detector 4100, the roller feed amount detector 3150, and 

25 the rolling side load cell 3100. The controller 1000 controls the rolling load motor 3000 
based on the results of the computations, thereby controlling the positions of the small 
rolling roller 3500 and the large rolling roller 3600, or controlling the rolling load. 

[0064] The controller 1000 performs rough rolling in which the rolling reduction rate 
is high by changing the roller interval at an early stage of rolling of the ring 104. Then, 

30 by maintaining the roller interval at a fixed value, the rough rolling is changed to finishing 
rolling in which the rolling reduction rate is low. At the time of rough rolling, the 
controller 1000 controls the positions of the small rolling roller 3500 and the large rolling 
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roller 3600, thereby changing the interval between the small rolling roller 3500 and the 
large rolling roller 3600. Thus, the controller 1000 performs rolling in which the rolling 
reduction rate is high. 

[0065] At the time of finishing rolling, the controller 1000 controls the roller interval 
5 or the rolling load based on the detection signals from the roller feed amount detector 3150 
and the rolling side load cell 3100. Also, the controller 1000 controls the tension load 
motor 4000, thereby controlling the position of the movable roller base 4350 and 
controlling the tension applied to the ring 104 so that the ring 104 has a predetermined 
peripheral length and a predetermined thickness, based on various detection signals from 
10 the tension position detector (the peripheral length detector) 4100, the tension side load cell 
4200, and the eddy current thickness sensor 4360 at the time of rough rolling and finishing 
rolling. 

[0066] Thus, the controller 1000 controls the rolling load (rolling force) and the 
tension (rolling tension) both at the time of rough rolling and at the time of finishing 
15 rolling. 

[0067] A temperature sensor 3420 for measuring the temperature of the ring 104 is 
provided in the rolling apparatus. In the rolling apparatus according to the embodiment 
of the invention, the temperature of a bearing 3410 for the backup roller 3400 which 
contacts the small rolling roller 3500 on which the ring 104 is wound is measured as the 

20 temperature of the ring 104, as shown in FIG. 6. Instead of the temperature of the bearing 
3410, the temperature of the ring 104 itself, the temperature of the small rolling roller 3500 
or the tension roller 4300 on which the ring 104 is wound, the temperature of the roller 
other than the backup roller 3400, which contacts the small rolling roller 3500, or the 
temperature of the bearing for one of these rollers may be measured as the temperature of 

25 the ring 104. Since each of the bearings and the rollers is made of metal, and the ring 104 
is also made of metal, the thermal conductivity is high, and the temperature of each of the 
bearings and the rollers is correlated to the temperature of the ring 104. Therefore, 
instead of directly measuring the temperature of the ring 104, the temperature of one of the 
rollers or one of the bearings for the rollers is measured. 

30 [0068] FIG. 7 is a graph showing a relation between the roller temperature and a 

temperature correction coefficient K, which is stored in a storing portion of the controller 
1000. As shown in FIG. 7, the temperature correction coefficient K is set to be smaller as 
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the roller temperature is higher. The reference temperature and the temperature gradient 
are stored. The reference temperature is the roller temperature of 25 ^C, and the 
temperature correction coefficient K decreases by 0.005 every time the roller temperature 
increases by 1 

5 [0069] The relation between the roller temperature and the temperature correction 
coefficient K shown in FIG. 7 is exemplary, and the invention is not limited to the relation 
between the roller temperature and the temperature correction coefficient K shown in FIG. 
7. For example, the relation between the roller temperature and the temperature 
correction coefficient K may be a non-linear, instead of the linear relation as shown in FIG. 

10 7. Also, the relation between the roller temperature and the temperature correction 

coefficient K may be stored using a table containing discrete values. Also, instead of the 
temperature correction coefficient K, the condition for rough rolling and the condition for 
finishing rolling with respect to the roller temperature may be stored. 

[0070] Referring to FIG. 8, a control structure of a program which is executed by the 

15 controller 1000 will be described. 

[0071] In step 100, the controller 1000 detects a roller temperature T (1) inmiediately 
before rolling. At this time, the controller 1000 detects the roller temperature T (1) based 
on a signal which is input thereto from the temperature sensor 3420 provided on the 
bearing 3410 for the backup roller 3400. 

20 [0072] In step S 1 10, the controller 1000 reads out a reference temperature T (2) and a 
temperature gradient A. That is, the controller 1000 reads out, from the storing portion, 
the aforementioned relation between the roller temperature and the temperature correction 
coefficient K shown in FIG, 7. At this time, 25 °C is read out as the reference 
temperature T (2), and - 0.005 is read out as the temperature gradient A. 

25 [0073] In step S120, the controller 1000 calculates the temperature correction 

coefficient K. At this time, the controller 1000 cedculates the temperature correction 
coefficient K using an equation K = 1 + (T (1) - T (2)) x A. As shown in FIG. 7, the 
temperature correction coefficient K is set to decrease as the roller temperature T (1) 
increases. As the temperature of the ring 104 increases, the deformation resistance of the 

30 ring 104 decreases. Therefore, the condition for rolling (the rough rolling force, the 
rough rolling tension, the finishing rolling force, and the finishing rolling tension) is 
changed so as to decrease according to a value by which the deformation resistance 
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decreases. Accordingly, the gradient of the change in the temperature correction 
coefficient K with respect to the roller temperature is a negative value. 

[0074] In step SI 30, the controller 1000 calculates actual rolling control values. At 
this time, the controller 1000 calculates the rough rolling force using an equation, the 
5 rough rolling force = a rough rolling force reference value ^ the temperature correction 
coefficient K, calculates the rough rolling tension using an equation, the rough rolling 
tension = a rough rolling tension reference value ^ the temperature correction coefficient K, 
calculates the finishing rolling force, using an equation, the finishing rolling force = a 
finishing rolling force reference value ^ the temperature correction coefficient K, and 

10 calculates the finishing rolling tension, using an equation the finishing rolling tension = a 
finishing rolling tension reference value x the temperature correction coefficient K. 
When the roller temperature T (1) is higher than the reference temperature 25 *'C, since the 
temperature correction coefficient K is smaller than 1, the rough rolling force, the rough 
rolling tension, the finishing rolling force, and the finishing rolling tension are smaller than 

15 the respective reference values. 

[0075] In step SI 40, the controller 1000 controls the rolling load motor 3000 and the 
tension load motor 4000 so as to perform the actual rolling processing. In step S150, the 
controller 1000 determines whether the final cycle of the finishing rolling processing is 
being performed. If the final cycle of the finishing rolling processing is being performed 

20 (i.e., YES in step S150), step S160 is performed. If not (i.e., NO in step S150), the actual 
rolling processing (the rough rolling processing and the finishing rolling processing) is 
performed again in step S140. 

[0076] In step SI 60, the controller 1000 measures the amount of change in the 
thickness. At this time, the controller 1000 may measure the thickness of the ring 104 

25 using the eddy current thickness sensor 4360, or may estimate the thickness of the ring 104 
based on a change in the peripheral length of the ring 104 which is input thereto firom the 
tension position detector (the peripheral length detector ) 4100. In the final cycle 
inmiediately before the finishing rolling, it is determined whether the amount of change in 
the thickness is in a fixed range. If the amount of change in the thickness is in the fixed 

30 range, the finishing rolling processing is finished. 

[0077] In step SI 70, the controller 1000 determines a difference in the thickness of the 
entire ring 104. If the difference in the thickness of the entire ring 104 is in a 
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predetermined range, it is determined that the ring 104 is nondefective. If the difference 
in the thickness of the entire ring 104 is not in the predetermined range, it is determined 
that the ring 104 is defective, and the ring 104 is not subjected to processing in steps 
subsequent to the rolling step. 
5 [0078] Hereinafter, description will be made of the operation of the rolling apparatus 
according to the embodiment of the invention, based on the structure and the flowchart 
described above. 

[0079] The ring 104 before rolling processing is carried to the rolling apparatus, and is 
wound on the small rolhng roller 3500 and the tension roller 4300, While the small 

10 rolling roller 3500 is pressed by the backup roller 3300 and the backup roller 3400, the 

temperature of the bearing 3410 for the backup roller 3400 is measured by the temperature 
sensor 3420. At this time, the temperature measured by the temperature sensor 3420 is 
detected as the roller temperature T (1) immediately before rolling (SlOO). 

[0080] The controller 1000 reads out, from the storing portion thereof, the reference 

15 temperature T (2) (i.e., 25 °C) and the temperature gradient A (i.e., - 0.005) to represent 
the relation between the roller temperature and the temperature correction coefficient K 
(shown in FIG. 7) which is stored in the storing portion (SllO). Then, the temperature 
correction coefficient K is calculated based on the roller temperature T (1) immediately 
before rolling, and the relation between the reference temperature T (2) and the 

20 temperature gradient A (S 1 20). 

[0081] At this time, when the roller temperature T (1) measured by the temperature 
sensor 3420 is lower than the reference temperature of 25 *^C, the temperature correction 
coefficient K is calculated to be larger than 1. When the roller temperature T (1) is higher 
than the reference temperature T (2), the temperature correction coefficient K is calculated 

25 to be smaller than 1 . 

[0082] Each of the actual rolling control values (the rough rolling force, the rough 
rolling tension, the finishing rolling force, and the finishing rolling tension) is calculated 
using the calculated temperature correction coefficient K (SI 30). Thus, the temperature 
correction coefficient K is calculated based on the roller temperature T (1) immediately 

30 before rolling, and the actual rolling control values are calculated based on the calculated 
temperature correction coefficient K. The actual rolling processing (the rough rolling 
processing and the finishing rolling processing) is performed using the calculated actual 
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rolling control values (S140). 

[0083] The actual rolling processing is performed if the final cycle of the finishing 
rolling processing is not being performed (i.e., NO in step S150). If the final cycle of the 
finishing rolling processing is being performed (i.e., YES in step S150), the amount of 
5 change in the thickness is measured (S160), and it is determined whether the amount of 
change is in the fixed range (SI 60). 

[0084] The ring 104 which has been subjected to the finishing rolling step is removed 
from the small rolling roller 3500 and the tension roller 4300, and the difference in the 
thickness of the entire ring 104 is determined (SI 70). At this time, if the difference in the 

10 thickness of the entire ring 104 is in a predetermined allowable range, it is determined that 
the ring 104 is nondefective. If not, it is determined that the ring 104 is defective. 

[0085] FIG. 9 shows the difference in the thickness of the entire ring 104 with respect 
to the roller temperature T (1). White circles show results in the case where rolling is 
performed under the condition for the actual rolling which is corrected based on the roller 

15 temperature. Black circles show results in the case where rolling is performed under the 
condition for the actual rolling which is set without being corrected based on the roller 
temperature. As shown in FIG. 9, when the condition for the actual rolling is corrected 
based on the roller temperature, the difference in the thickness of the entire ring 104 is 
maintained at a certain level irrespective of a change in the roller temperature. 

20 [0086] Thus, in the rolling apparatus according to the embodiment of the invention, 
the condition for rolling is changed based on the temperature of the ring before rolling, 
which is measured by the temperature sensor, and the relation between the temperature of 
the ring and the correction value for correcting the condition for rolling, which is stored in 
advance. As the temperature of the ring increases, the deformation resistance of the ring 

25 decreases, and therefore the condition for rolling for obtaining the ring having a desired 

thickness (the rough rolling force, the rough rolling tension, the finishing rolling force, and 
the finishing rolling tension) is changed so as to decrease. Thus, even when the roller 
temperature increases and the deformation resistance of the ring decreases, the dimensional 
accuracy of the finishing thickness of the ring as a product is improved since the amount of 

30 change in the thickness of the ring immediately before completion of rolling (immediately 
before completion of finishing rolling) is in a fixed range. 

[0087] In the aforementioned embodiment, when the controller 1000 calculates the 
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actual rolling control values in step SI 30 in the flowchart in FIG. 8, the controller 1000 
calculates the rough rolling force, the rough rolling tension, the finishing rolling force, and 
the finishing rolling tension. However, the invention is not limited to the processing in 
step 130. Instead of the processing in step 130, the controller 1000 may calculate only the 
5 rough rolling force and the rough rolling tension using the equation, the rough rolling force 
- the rough rolling force reference value ^ the temperature correction coefficient K, and 
the equation, the rough rolling tension == a rough rolling tension reference value ^ the 
temperature correction coefficient K, respectively, without calculating the finishing rolling 
force and the finishing rolling tension using the equation, the finishing rolling force = the 

10 finishing rolling force reference value ^ the temperature correction coefficient K, and the 
equation, the finishing rolling tension = the finishing rolling tension reference value x the 
temperature correction coefficient K, and may correct only the rough rolling force and the 
rough rolling tension. Since 70 % to 80 % of the shape of the ring is decided in the rough 
rolling step, sufficient dimensional accuracy can be obtained by correcting only the rough 

15 rolling force and the rough rolling tension in the rough rolling step. 

[0088] Thus, the embodiment of the invention that has been disclosed in the 
specification is to be considered in all respects as illustrative and not restrictive. The 
technical scope of the invention is defined by claims, and all changes which come within 
the meaning and range of equivalency of the claims are therefore intended to be embraced 

20 therein. 



